By using the relativistic Faddeev formalism for three-particle scattering based on the techniques of Blankenbecler and Sugar to multiladder diagram, a generalized relativistic Lovelace equation is proposed for composite-particle scattering in order to treat bound states and unstable particles in a unified way. In order to obtain our equation from the relativistic Faddeev formalism, we introduce relativistic off-shell form factors and propagators corresponding to composite particles by applying the Fredholm theory to the BlankenbeclerSugar kernel of the two-body scattering equation. These functions, the off-shell form factors and propagators, are defined by an analytic extension from the energy of bound state or resonance state and the two-body scattering matrix can be separated into a part including a composite-particle pole and a remaining part. By use of these functions, we can derive a generalized Lovelace equation for composite particle scattering as an an~lytically extended equation of the so-called Lovelace equation given by Freedman, Lovelace and Namyslowski. From the analytically extended properties of these functions, it is emphasized that our equation is more useful in applying to unstable particle scattering and also to production process enhanced by final interaction in the relativistic three-body scattering problems. § 1. Introduction Recently, one of the authorsl) showed that for composite-particle scattering 111 the nonrelativistic three-body problem, a generali%ed equation can be formulated as an analytic extension of the Lovelace equation,2)-4) in order to treat bound states and resonances in a unified way. In the derivation of this analytic extended Lovelace equation from the nonrelativistic Faddeev formalism,5) the new off-shell form factor and propagator corresponding to its bound state or resonance in each two-body subsystem has been introduced by applying the eigenvalue problem of the kernel in the tVITo-body Lippmann-Schwinger equation due to Weinberg's work.
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subsystem.
It is our purpose 111 this senes of papers to treat the same problems for composite-particle scattering in the relativistic extended Faddeev formalism. The extension of Faddeev formalism to the relativistic forms have been discussed by many authors.
)--lO)
These have been done by using the method of Blankenbecler and Sugar in which the two-or three-body unitarity cut is taken up in the threeparticle Bethe-Salpeter equation ll ) of the ladder type in order to avoid the difficulties of its four-dimensional character and the Lorentz metric. By this method, the Faddeev-type integral equations 8 ), 9) (\vhich may be called the relativistic Faddeev equation) are given in the Fredholm-type and satisfy two-or three-body unitarity. Following the same ideas, Freedman, Lovelace and Namyslowski 10 ) have also discussed this problem more precisely and have given an equation for composite-particle scattering, the so-called relativistic Lovelace equation, in the relativistic three-body scattering problem as well as in the nonrelativistic one. In this paper \ve propose the generalized relativistic Lovelace equation as an analytic extension of the relativistic Lovelace equation based on the same motivation as the nonrelativistic case. This is done by introducing the relativistic off-shell form factor and propagator instead of the residue function corresponding to bound state or resonance state in the two-body subsystem, this is also done by separating the two-body Blankenbecler-Sugar equation in the relativistic Faddeev formalism into two parts; i.e. one having composite particle pole and the remaining part. In the derivation of these formalism we can apply the Fredholm theory to the kernel of the two-body Blankenbecler-Sugar equation.
By these generalization of the Lovelace equation, the Faddeev formalism can be made more useful one for practical application especially to the unstableparticle scattering problem and to production processes enhanced through the strong final interaction in not only the nonrelativistic but also relativistic threebody scattering problems, on which much attention has recently been focused by the various authors.12-14)
~ 2. Relativistic }-'addeev formalism and its angular momentum decomposition
i) Relativistic Faddeev forrnalisrn
We summarize briefly the relativistic Faddeev formalism based on the work of Blankenbecler and Sugar. 8 ) Following the Blankenbecler-Sugar techniques fo~.
relativistic three-body ladder-type scattering, the Fa-type Green's function for the disconnected graphs, and the E-type Green's function for the connected three-body graphs, shown in Fig. 1 , are given by 
where
j=l
The qj and rnj are the four-momentum and the mass of each particle. (J a and s are the two-body and three-body invariant energies, respectively. The energy (J a is expressed in terms of the three-body invariant energy s and the initial (or final) state momentum jYa of each particle, i.e. (4) and £1 is the three-body discontinuity. Using these Blankenbecler-Sugar propagators, one easily obtain the Faddeev-type equations for three-body scattering with unequal mass particles.
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Now the second term of Eq. (7') can be calculated 111 the center of mass frame of {3 and r particles (see Fig. 1 (10) is illustrated with the Blankenbecler-Sugar Fa-type Green's function and S-r interaction.
(10)
However, the three-body Green's function E is calculated in the three-body center of mass frame (see Fig. 1 ), for a~(3
ws"
Therefore the relativistic Faddeev-type equation (6) is given in the explicit form ( Fig. 3) :;
Next we gIve the connected Faddeev equation 111 the operator form; the channel-separations, corresponding to the initial and final states a and (3, respectively, are carried out,
then Eq. (6) becomes (13) We define a scattering matrix (14) , then this scattering matrix satisfies the following equation (Fig. 5) or where ) and also Basdevant and Kreps/3) we separate all the amplitudes ya (s) and Ya (s) into their radial and angular parts, using their notations for the angular momentum states and normalization,
where J is the total angular momentum, NJ the projection of J on the body-fixed z axis, and fJ. its projection on the space-fixed z axis. g)~lrI(<jJ, e, ¢) is the con- Among the set of observables IP, WI, W 2 , 0)3; .IMp) P is a constant of the motion, then it will be convenient to put it equal to zero. We shall often denote these symbols WI, 0)2, (ll3 by only one W. Since .I is a constant of motion, its space-fixed z-axis component /1 is a constant of the motion and will appear only as a dummy index.
Therefore we shall also omit it, writing simply the state:
Iw, .I, M). First, let u.s rewrite the relativistic Faddeev equation (6) (free-particle), and .1= l + If. l is an internal angular momentum of the {3r coupled particle (in the two-body center of mass system) which looks like an intrinsic spin of the {3r composite particle.· l' is the angular momentum of the third particle relative to the center of mass of remaining two particles. In § § 2 and 3, we use the suffix l instead of the two-body partial wave la belonging to the a-channel to avoid the complexity. Here, we always choose the z-axis along the third particle's momentum pa
Therefore, the value Ma IS the helicity of the {3r composite particle, see also (2), where we will easily see how the recoupling is done. For example, the recoupling 1 (2, 3) -~2 (3, 1) , the three-body scattering angle is X which is related to angles fh and f32, where ll' l2 and l3 are the two-body angular momenta (2, 3), (l,:3) and (1, 2) respectively.
a where cos @ = cos r cos "(' -I-sin r sin r' cos ((P -¢') , 
Another expression is given by 
Then we get a set of integral equations (shown in Fig. 8 In this section, we will introduce the relativistic off-shell form factors based on the two-body Blankenbecler-Sugar equations, examining a relativistic analog to the treatment of the composite-particle scattering proposed by one of the authors 1 ), 3) based on Weinberg's quasi-particle method. 6 ) Now, from Eq. (29), the two-body partial wave amplitude satisfies the following Fredholm-type equation, in the case' of the (3-r interaction,
((U(3//+U)/'Y-u '
where ), IS a parameter, j) and q, etc., are given in the following relations, 
where iJ" (z) is an eigenvalue. These equations differ from the case of Alessandrini and Omnes
9
) in the kernel and in the analytic extension of the eigenfunctions, and eigenvalues; our kernel is the two-body Blankenbecler-Sugar kernel which is given in the two-body center of mass system and also depends upon the three-body system by means of Eq. (30) kinematically. According to the Fredholm. theory, we may write the two-body amplitude, 
"=1
where each iJ" (z) is the eigenvalue of Eq. (39). To simplify the discussion, we as'sume that there is only one eigenvalue for each 1 wave state corresponding to bound state or resonance satisfied by the equation iJ" (z) = 1 or iJ/ (z) 1, where 17/ (z) is determined from analytic continuation of iJ" (z) into the second sheet (see reference 7)). Hereafter, we write this eigenvalue by iJl (z) and the eigenvector corresponding to iJl(Z) by At(q; z) and L(z; q). Following Weinberg's arguments, we introduce the reduced interaction from Eq. (39) by using the off-shell form factor corresponding to bound state or resonance.
I I
A (jr :::: (jy, p'; z) . This amplitude is the solution of the Blankenbecler-Sugar equation (45) with the reduced interaction VsI (jy, 1/; z) and has a good convergent Born series. The second is the part including a composite particle pole.
Finally, \ve emphasize that tsl (jJ, j/; z) will be quite small, because of our formalism depending upon the extended form factor and propagator which include the bound-state and/or resonance-state off-shell energy z instead of the energy W, on the real axis, then almost the whole enhancement of the two-body amplitude t1(p, 1/; z) will be included in this pole tenn. § 4,_ A generalized relativistic Lovelace equation 
We omit the suffix J of ¢~'1.r'\ since J is the same in all frames. One of the interesting cases is that the initial state consists of the composite particle and the third particle. 
10
) due to our off-shell form factor and propagators. That is, which is useful to treat the composite particle scattering (bound state and/or resonance particle scattering) in a unified way. By these generalizations of the Lovelace equation, the Faddeev formalisms have been made to be more useful one for practical applications especially to the unstable-particle scattering problem and to production processes enhanced through the strong final interaction in nonrelativistic and relativistic three-body scattering.
One further remark should be added to the production process that the final interaction due to pole in an unphysical sheet will enhance the production amplitude Ya/:l near the threshold. This problem will be discussed for a singletstate of 7HZ interaction in the n-D production process on another occasion.
